Controlled superficial assembly of DNA-amorphous calcium phosphate nanocomposite spheres for surface-mediated gene delivery.
Surface-mediated gene delivery systems have many potential applications in tissue engineering. We recently fabricated an assembly consisting of DNA-amorphous calcium phosphate (DNA-ACP) nanocomposite spheres on a polymer substrate via coprecipitation in a labile supersaturated calcium phosphate (CaP) solution and demonstrated the assembly's high gene delivery efficacy. In this study, we conducted a detailed investigation of the coprecipitation process in solution and revealed that the negatively charged DNA molecules were immobilized in the ACP spheres during the initial stage of coprecipitation and functioned as both sphere-dispersing and size-regulating agents. As a result, the DNA-ACP nanocomposites grew into size-regulated submicrospheres in solution and assembled onto the substrate via gravity sedimentation. The assembled nanocomposite spheres were chemically anchored to the substrate surface through an intermediate layer of CaP-based nanoparticles that was formed heterogeneously at the substrate surface. The coprecipitation conditions, i.e., coprecipitation time and Ca and P concentrations in solution, greatly affected the state of assembly of the nanocomposite spheres, thereby influencing the gene expression level of the cells cultured on the substrate. Increasing the number density and decreasing the size of the nanocomposite spheres did not always increase the assembly's gene delivery efficacy (per surface area of the substrate) due to adverse effects on cellular viability. As demonstrated herein, controlling the coprecipitation conditions is important for designing a cell-stimulating and biocompatible scaffold surface consisting of an assembly of DNA-ACP nanocomposite spheres.